Background: Diabetes mellitus is a prevalent condition among hospitalized patients and the inpatient setting presents an opportunity for providers to review and adjust antihyperglycemic medications. We sought to describe practice patterns and predictors of antihyperglycemic intensification (AHI) at hospital discharge for type 2 diabetes mellitus (T2DM) patients not on home insulin. Methods: We conducted a retrospective study of adult patients with T2DM receiving either non-insulin antihyperglycemic (NIA) or no antihyperglycemic medications prior to admission who were hospitalized within two hospitals in the Johns Hopkins Health System from December 2015 to September 2016. Mean hospital glucose values and observed vs. individualized target hemoglobin A1C values (based on risk of mortality score) were used to define an indication for AHI. Multivariable logistic regression was used to identify predictors of AHI. Results: A total of 554 discharges of 475 unique patients were included. An indication for AHI was present in 104 (18.8%) of discharges, and AHI occurred in 30 (28.8%) of these discharges. Higher mean admission BG values and A1C, fewer pre-admission antihyperglycemic agents, involvement of the diabetes service, and admitting service were associated with AHI, while no association was observed with age, sex, race, risk of mortality and severity of illness scores, or length of stay. AHI was not associated with 30-day readmission. Conclusion: An indication for AHI occurs relatively infrequently among hospitalized patients, but when present, AHI occurs in approximately 1 in 3 discharges. AHI appears to be related largely to the degree of hyperglycemia, and diabetes service involvement. Further studies are needed to understand the implications of AHI at hospital discharge on short and long-term outcomes in this population.
Introduction
Diabetes mellitus is a prevalent condition among hospitalized patients affecting~20% of all hospitalizations in the United States [1] . Although the majority of these patients are hospitalized for reasons other than diabetes [2] , the hospital setting presents an opportunity to review and adjust outpatient antihyperglycemic medications not only to avoid short-term complications such as hypoglycemia or severe hyperglycemia, but also to potentially prevent long-term complications in patients who may have limited outpatient follow-up [3] [4] [5] [6] . For patients taking non-insulin antihyperglycemic (NIA) medications prior to admission, providers may appraise the appropriateness of continued use of NIA medications at hospital discharge based on observed inpatient glycemic patterns and new comorbidities or contraindications that may arise during hospitalization, while taking into account patient preferences, adherence, and barriers.
When adjusting the outpatient antihyperglycemic regimen at hospital discharge, providers likely rely on clinical practice guidelines targeted to the ambulatory setting [7] [8] [9] . The Endocrine Society's inpatient glucose management guidelines suggest reinstitution of the preadmission antihyperglycemic regimen for patients with "acceptable preadmission glycemic control and without a contraindication to their continued use" and "intensification of the outpatient antidiabetic regimen" for those with elevated inpatient glucose [8] . The American Diabetes Association (ADA) recommends consideration of insulin therapy in patients with type 2 diabetes mellitus (T2DM) who have an A1C ≥ 10% and/or blood glucose (BG) ≥ 300 mg/dl, and dual antihyperglycemic therapy for patients with A1C ≥ 9% [9] . For patients with less extreme hyperglycemia, the pharmacological approach depends on the patient's A1C target, which varies amongst clinical practice guidelines. The American College of Physicians (ACP) recommends an A1C target of 7-8% for the majority of patients with T2DM, but cautions against targeting specific A1C levels in patients who may be harmed by antihyperglycemic therapy, such as those with limited life expectancy and severe comorbidities [10] .
In addition to the ambiguity resulting from different clinical guidelines, medication reconciliation for antihyperglycemic medications at hospital discharge is challenging since the inpatient clinician must consider multiple factors when adjusting medications, including patient's education level and health literacy, timeliness of post-discharge follow-up, and clinical complexity [11] [12] [13] [14] . There is currently a lack of clinical decision support to assist inpatient clinicians in individualizing the antihyperglycemic medication regimen at discharge to optimize the benefit to risk ratio for a given patient. Given these challenges, we sought to describe practice patterns of antihyperglycemic reconciliation and to identify factors that influence AHI at hospital discharge for non-insulin treated patients with T2DM. A secondary objective was to explore the association of AHI and 30-day hospital readmissions.
Methods

Study population, setting, and design
This was a retrospective cohort study of adult patients with T2DM receiving either no antihyperglycemic medications or only NIA medications prior to admission who were hospitalized in a non-critical care setting within two hospitals in the Johns Hopkins Health System located in Baltimore, Maryland: Johns Hopkins Hospital (JHH) from July 1, 2016 to September 29, 2016 and Johns Hopkins Bayview Medical Center (JHBMC) from December 1, 2015 to September 29, 2016 . During this study period, both hospitals shared the same electronic medical record (EMR) system, EpicCare®.
Hospitalized adults aged < 80 years were eligible for inclusion if a diagnosis of T2DM was present in the EMR (problem list, past medical history, prior admission/discharge diagnoses) at any time prior to the date of discharge or a hemoglobin A1C value ≥6.5% was present in the EMR within 120 days prior to discharge, the patient had an admission length of stay of at least 48 h (to allow providers a sufficient period of observation to determine whether changes were required to the home NIA regimen), and there was at least one BG measurement obtained during hospitalization. Patient admissions with All Patient Refined Diagnosis Related Groups (APR-DRG) Risk of Mortality (ROM) or Severity of Illness (SOI) scores of 4 (extreme) were excluded based on the ACP guidelines, which recommend that "clinicians should … avoid targeting A1C level in patients with a life expectancy less than 10 years due to advanced age (80 years or older)" or with severe comorbidities because the risk-benefit ratio in this population is too high [10] . We also excluded patients on insulin prior to admission because we were interested in understanding factors influencing insulin initiation in this setting, where many patients may already be maximized on NIA therapy with inadequate glycemic control. In addition, we excluded patients who received enteral or parenteral nutrition during hospitalization and women with gestational diabetes and/or delivery within the 30-days prior to hospitalization. This study was approved by the Johns Hopkins School of Medicine Institutional Review Board.
Indication for AHI
Defining indications for AHI at hospital discharge is not straightforward since the hospital-based clinician must consider a broad number of factors when deciding whether to intensify or deprescribe (reduce or stop) medications at the transition from hospital to home. Such factors include personalized glycemic goals, patient preferences, life expectancy, risk of hypoglycemia, and availability and timing of outpatient follow-up [11, 13] . Some of these factors cannot easily be collected from the EMR. For the purposes of this study, we defined an indication for AHI based on the patient's risk-adjusted A1C target using the APR-DRG ROM score.
The ROM is a measure of inpatient mortality, which we used in this study as a proxy for longer-term life expectancy to define the patient's individualized A1C target. This is a validated measure that predicts inpatient mortality based on the patient's age, principal and secondary diagnoses, and surgical procedures performed [15] [16] [17] . Although individualized glycemic targets may be better guided by consideration of long-term life expectancy in the outpatient setting, we assumed that an inpatient mortality risk measure would more proximally influence antihyperglycemic medication adjustments at hospital discharge. For patients with ROM scores of 1 (minor) or 2 (moderate), we considered the individualized A1C target to be < 8%, consistent with the ACP guidelines that recommend this target for the majority of patients with T2DM. For patients with ROM score of 3 (major), we considered the individualized A1C target to be < 9%. To place these scores in context, studies have shown in-hospital mortality rates for ROM scores of 1, 2, and 3 of 0.5%-2%, 1.7%-5.7%, and 12.3%-17.5%, respectively [18, 19] .
The admission A1C value was defined as the most recent A1C value occurring within 120 days prior to the date of discharge. Considering that not all hospitalized patients have an A1C obtained during admission and that mean glucose values during admission can provide meaningful information beyond the A1C value, we also used the mean admission glucose value as a secondary criterion for AHI. We converted the A1C cut-offs of 8% and 9% to their corresponding average glucose values of 183 and 212 mg/dl using a published equation [20] . Taking both A1C and mean admission glucose into account, an indication for AHI was deemed to be present if admission A1C was ≥8% or mean glucose was ≥183 mg/dl for patients with ROM-scores of 1 or 2 and b) admission A1C was ≥9% or mean glucose was ≥212 mg/dl for patients with ROM-score of 3; however, since A1C levels and inpatient glucose levels may confer different information about the patient's glycemic control and the need for AHI, we also evaluated AHI in a sensitivity analysis using only A1C criteria (i.e. without imputation of missing results using inpatient glucose levels) to determine indications for AHI (using the same thresholds as above).
Antihyperglycemic intensification patterns
AHI was defined as either NIA intensification, insulin initiation, or both. NIA intensification was defined as an increase in the dose of at least one pre-admission NIA or prescription of at least one new NIA at hospital discharge. Insulin initiation was defined as a prescription for any insulin type at hospital discharge. Deprescribing was defined as a reduction in the total dose or number of NIAs. If NIA was deprescribed but insulin was initiated, AHI was considered to have occurred.
Predictors of antihyperglycemic intensification
We collected data from our EMR and administrative database on variables that might be associated with AHI, including demographics, body mass index (BMI), admitting service, length of hospital stay, SOI score, ROM score, laboratory data, and primary discharge diagnoses. We also collected data on whether a consultation was done by our inpatient diabetes service. Race was categorized as White/Caucasian, Black/African American, or Other. The admitting hospital service was categorized as medical, surgical, intermediate care (IMC) or psychiatry. The primary discharge diagnosis was categorized into major diagnosis categories according to the International Classification of Diseases (ICD)-10 codes. Owing to small numbers within individual categories, a diagnosis category of "Other" was created to include: neoplasms, blood diseases, skin diseases, infectious/parasitic diseases, eye/ear diseases, external causes of morbidity and mortality, and factors influencing health status/contact with health services. The SOI and ROM scores are both derived from the APR-DRGs; SOI is a reflection of physiologic decompensation and is categorized as an ordinal variable of 1 (minor), 2 (moderate), 3 (major) and 4 (extreme), while ROM is a measure of likelihood of inpatient mortality and is similarly categorized as SOI.
Inpatient hypoglycemia was defined as any BG ≤ 70 mg/dl during index admission. A diagnosis of chronic kidney disease (CKD) stage 3-5 was made using either the relevant ICD-10 code from the patient's problem list or past medical history (N18.3, N18.4, or N18.5) or based on the nadir estimated glomerular filtration rate (eGFR) using the Modification of Diet in Renal Disease (MDRD) equation during the hospitalization, with stage 1 and 2 CKD combined due to laboratory reporting constraints (i.e. some laboratory results reported as GFR > 60 ml/min/1.73 m 2 ) [21] . Since the presence of contraindications to one or more classes of NIA agents may influence AHI, we quantified contraindications to the individual NIA drug classes based on a combination of ICD-10 codes, laboratory data, and contraindications specified in the package inserts for individual medications. (Supplemental Table 1 ).
30-day Readmissions
The secondary outcome was all-cause 30-day readmissions from the date of discharge of the index hospitalization to either of the two hospitals in our health system. Transfers to other inpatient units (e.g. rehabilitation) occurring on the date of discharge of the index admission were not counted as readmissions.
Statistical analysis
Descriptive statistics were used to summarize the patient admission characteristics for the overall population and stratified by AHI status at hospital discharge. For continuous measures, normality of data was assessed using histograms and tests of skewness and kurtosis. Medians and interquartile range (IQR, 25th and 75th percentile) were reported for non-normally distributed variables, and means and standard deviation for normally distributed variables. Number and percentage were reported for categorical variables.
We , and length of stay. Model 1 included data from the full cohort (N = 554). In Model 2, all the variables above were included with the addition of the admission A1C value. Model 2 included data from 431 discharges in which A1C data was available. To account for multiple admissions during the study period, robust standard error estimates were determined using clustering analysis per unique patient [22, 23] . Odds ratios (ORs) were reported with 95% confidence intervals (CI) and two-sided p-value with significance set at 0.05. For the secondary outcome of 30-day readmission, a post-hoc power analysis revealed 80% power to detect an 18% between-group difference in 30-day readmission rate using two-sample proportions test. Statistical analyses were performed using Stata Statistical Software: Release 15 (College Station, TX: StataCorp LP).
Results
The study included 554 discharges of 475 unique patients (Fig. 1) . Table 1 shows the characteristics of the study population. Overall, the cohort consisted of an older (median age 62 years), overweight (median BMI 30.2 kg/m 2 ) population with relatively equal sex and racial (white vs. non-white) distribution. The majority of patients were hospitalized on medical units (60.1%) and had a median (IQR) length of stay of 4 (3-6) days. The study population had fairly good glycemic control on the basis of admission A1C and mean inpatient BG values. A1C results were available for 431 (77.8%) of patient admissions, with a median (IQR) of 6.4% (5.7%-7.1%). The median (IQR) of the mean BG during hospitalization was 132.0 (113.5, 167.4) mg/dl. A diabetes specialist was involved in the care of the patient in 8.5% of discharges. A contraindication to any NIA was identified in over half of discharges, with over one-quarter having a contraindication to three or more NIA classes. Despite a confirmed diagnosis of diabetes, the majority of patients were not taking any glucose-lowering medications at admission, with nearly one-third taking only one NIA. Very few patients were on two or more NIAs.
Overall, AHI occurred in 46 of 554 (8.3%) discharges, whether or not an indication for AHI was present. Among 104 discharges in which an indication for AHI was present, AHI occurred in 30 (28.8%) discharges. When using only admissions in which A1C values were available and only A1C criteria were used to determine indications for AHI (i.e. without imputation of missing results using inpatient mean glucose values), AHI occurred in 21 of 59 (35.6%) discharges." Fig. 2 shows the patterns of antihyperglycemic medication reconciliation at hospital discharges. Among the full cohort of 554 discharges, 85.6%, 6.1%, 3.4%, and 4.9% had no change in antihyperglycemic regimen, deprescribing of antihyperglycemic regimen, increase in NIA regimen, or addition of insulin, respectively. Among 104 discharges with an indication for AHI, 66.3%, 4.8%, 7.7%, and 21.2% had no change in antihyperglycemic regimen, deprescribing of antihyperglycemic regimen, increase in NIA regimen, or addition of insulin, respectively. Among the 46 discharges in which AHI occurred, 41.3% and 58.7% had an increase in NIA regimen or initiation of insulin, respectively.
There were several notable differences in patient characteristics by AHI status at hospital discharge (Table 1) . There was a difference in the racial distribution by AHI status, with slightly more whites, fewer blacks, and more patients from other racial groups in the intensified group compared to the no change/deprescribing group (P = 0.012). AHI was higher among patients with admissions to medicine and IMC units, longer length of stay (6.0 vs. 4.0 days; P < 0.001), higher admission A1C (7.8% vs. 6.4%, P < 0.001), higher admission mean glucose (219.5 vs. 129.1 mg/dl, P < 0.001), and for patients seen by a diabetes specialist (47.8% vs. 4.9%, P < 0.001). There were no differences in age, sex, BMI, hospital name, admission diagnosis category, CKD stage, SOI or ROM scores, contraindications to NIAs, or number of pre-admission NIAs. We did not observe any significant differences on univariate analysis when using A1C criteria alone (without imputation) to determine indication for AHI.
There was no difference observed in 30-day all-cause readmissions by AHI status, with 63 (12.4%) and 2 (4.3%) being readmitted in the no change/deprescribing and intensification groups respectively (8.1% difference; P = 0.10); similarly, among discharges where there was an indication for AHI (N = 104), AHI was not associated with 30-day readmissions: 1 (3%) vs. 11 (15%) in the AHI vs. no change/deprescribing groups were readmitted in 30 days (12% difference; P = 0.095). It is important to note that this study was powered to detect a minimal between-group difference of 18% with respect to this outcome. Table 2 shows the predictors of AHI in the univariable and multivariable regression models. On univariable analysis, admission to IMC/ psychiatry, mean admission BG, diabetes consult, and admission A1C were all found to be significantly associated with higher odds of AHI. In addition, age and race both had effect sizes with P-values < 0.2, but sex was not significantly associated. In Model 1, which was adjusted for mean glucose and patient admission characteristics, the following variables were predictive of AHI: admission to psychiatry or IMC, mean glucose category, diabetes consult, and number of pre-admission antihyperglycemics. In Model 2, which was additionally adjusted for admission A1C, A1C category was also independently associated with AHI. As expected, in both models, higher glycemic measures were directly associated with AHI in a "dose-dependent" response, with higher odds of AHI occurring with increasing category of glycemic measure (mean BG or A1C). AHI was less likely to occur in patients with two or more pre-admission NIAs. Interestingly, although ROM and SOI would be expected to influence selection of glycemic targets (and, therefore, indication for AHI), we did not observe an association with either measure in relation to AHI after accounting for other confounders.
Discussion
In this study of patients with T2DM treated with NIA medications or no glucose-lowering medications prior to admission, there was a relatively low rate of AHI at hospital discharge. We found an indication for AHI was present in nearly 20% of discharges; however, AHI occurred in only~29% of these discharges, with insulin initiation occurring iñ 21% and increase in NIA in~8%. At our institution, AHI appears to be driven largely by the level of glycemic control during or prior to admission, the admitting service, involvement of the inpatient diabetes service, and the number of preadmission NIAs being taken. Specifically, AHI is more likely to occur in patients with higher mean admission BGs, higher admission A1C, those taking fewer NIAs, patients admitted to the psychiatry service or IMC, and those seen by our diabetes team.
Not surprisingly, we found that AHI was more likely to occur in those with more severe hyperglycemia. This finding is consistent with a previous study by Griffith et al that showed those who were more likely to have AHI had a higher A1C and higher mean BG on admission [3] . Interestingly, we found that patient already taking two or more NIAs were much less likely to have their antihyperglycemic regimen intensified. Lower rates of NIA intensification or insulin initiation in patients already on NIAs could be related to multiple factors. Inpatient providers may appropriately defer decisions regarding intensification of antihyperglycemic medications to the outpatient setting, where a patient's primary diabetes provider may have a more comprehensive understanding of the patient's diabetes self-management skills and knowledge, social support system, goals of care, and historical response to previous medications.
Additionally, patients who are already on multiple agents may have 
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fewer available NIAs to select from, as many NIAs are contraindicated based on declining renal function, which is more likely with advancing diabetes disease or duration; however, we did not observe an association between the number of contraindications to NIA drug classes and AHI. Importantly, the development of contraindications to NIAs does not appear to be a significant factor influencing the decision to intensify the antihyperglycemic regimen.
It is important to note that our fully adjusted regression model (Model 2) included only hospitalized patients with diabetes who had a hemoglobin A1C checked during admission (~78% of the entire cohort). As expected, we found a strong positive association between A1C level and likelihood of AHI. When using A1C as an indication criterion for AHI, we found that approximately one-third of eligible admissions had antihyperglycemic treatment intensification at discharge. A1C provides useful information about the quality of outpatient glycemic control and can guide hospital-based clinicians in determining whether hyperglycemia observed in the inpatient setting justifies intensification of the outpatient antihyperglycemic regimen. Thus, in accordance with the ADA standards of care for diabetes care in the hospital, hospitalbased clinicians should be encouraged to obtain A1C values for admitted patients with diabetes or hyperglycemia who do not have a result available within the previous 90 days [7] .
In our study, involvement of our inpatient diabetes team was strongly associated with AHI. Our diabetes team is not only involved in day-to-day glucose management, but also provides discharge recommendations to the primary team with respect to the anti-hyperglycemic regimen. While inpatient diabetes services have been shown to improve the quality of inpatient glycemic control and other process and outcome measures [24] [25] [26] , there is less evidence about whether inpatient diabetes consultative care is associated with greater odds of AHI at discharge. Griffith et al found that involvement of the endocrinology team for inpatient glucose management was associated with an adjusted odds of AHI of 4.27 (95% CI, 2.78-6.56) in their cohort of 2025 admission [3] . Although our study had a smaller sample size and adjusted for different factors, we found an even higher odds of AHI among admissions where the diabetes service was involved. The reason for higher rates of AHI on the psychiatry service at our institution is not readily apparent; although patients on psychiatry are more often seen by our diabetes team, the association with AHI persisted after adjustment for diabetes consult.
An unexpected finding in this study was the lack of association between age and AHI. Considering that advancing age may be associated with greater risks of harm from hypoglycemia and/or perceived reduced overall benefit of glycemic control in relation to diminishing life expectancy [10] , we expected to find an inverse association between age and AHI. In this study, we excluded patients with age > 80 years and determined individualized glycemic targets based on ROM scores, which takes into account the patient's age and hospital *Adjusted for age, sex, race, admitting service, length of stay, pre-admission non-insulin antihyperglycemic (NIA) use, risk of mortality, severity of illness, mean admission blood glucose (BG) (N = 554 discharges). **Adjusted for all covariates in Model 1 and admission hemoglobin A1C (N = 431 discharges).
diagnoses to determine risk of inpatient mortality. Despite the fact that age is factored into the ROM score, it is possible that use of this inpatient mortality measure may not appropriately translate to longerterm mortality (i.e. 5-10 year horizon), which may be more germane to the decision to intensify antihyperglycemic therapy. Additionally, it is possible that the lack of association between age and AHI may be explained by overly liberal glycemic targets in this study, in which 28% of patients had a target A1C < 9%. We recognize that our approach for individualizing glycemic targets may be overly simplistic considering that many other factors (including patient preferences, patient adherence, barriers to self-care, etc.) must be considered when making a decision whether to intensify antihyperglycemic therapy. We did not find an association between AHI, whether indicated or not, and 30-day readmission in this study; however, our study was not adequately powered to detect this outcome. A retrospective study of nearly 2,000 patients with T2DM found that AHI at discharge was not associated with 30-day readmission overall, but was linked to reduced 30-day readmission and emergency department (ED) visits among patients with elevated A1C levels on medical services [27] . Notably, their cohort included patients taking insulin in the outpatient setting. A very large study by Eby et al found that AHI was associated with higher odds of 30-day readmission in their cohort of 52,000 patients with T2DM [28] . Unlike our study, their cohort included patients on home insulin. Another recent large cohort study of older adults found that insulin initiation at hospital discharge was associated with a higher risk of death, emergency department visits, and readmissions [29] .
There were several strengths of this study. Manual chart review was used in combination with extraction of EMR-data to ensure that the exposure variable of interest, AHI, was accurately captured. Importantly, we excluded patients with advanced age and extreme mortality risk in whom the benefits of AHI may be questionable. We carefully assessed the presence of contraindications to NIA drug classes, which may be a factor that influences the ability to intensify therapy in higher risk hospitalized patients. We included a broad number of clinically relevant confounders, but recognize that residual confounding may still be present. This study is limited by the low overall rate of AHI, which limited our power to detect associations of AHI and 30-day readmissions. Furthermore, we restricted our study to non-insulin treated patients with T2DM, which may limit the generalizability of our findings. A1C data were missing from 22.9% of hospitalizations which could introduce an ascertainment bias; however, to overcome this limitation, we included both A1C and inpatient glucose data (which is readily available on all patients) in our definitions for indication for AHI. Finally, hospitalizations occurring outside our medical system and medication compliance could not be captured in this analysis.
In conclusion, clinical inertia regarding antihyperglycemic medications is highly prevalent at hospital discharge, but it is difficult to determine whether this is intentional or unintentional, as inpatient prescribers may perceive reduced benefit relative to risk of adjusting antihyperglycemic medications at this transition of care. We identified inpatient glycemic measures, number of pre-admission NIAs, diabetes service involvement, and admitting service to be the major predictors of AHI. Further qualitative studies of hospital-based clinicians are needed to understand what factors influence their decision to intensify therapy in this population. Prospective studies that randomly assign patients at hospital discharge to different AHI algorithms could evaluate effectiveness on readmissions, quality of outpatient glycemic control, and healthcare expenditures.
